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  We analyzed the expression level and cellular localization of 
pro- and anti-inflammatory cytokines and histopathologically 
characterized canine traumatic brain injury (TBI). Canine 
TBI  brains  revealed  subarachnoid  and  cerebral  cortical 
hemorrhage,  neutrophilic  infiltration,  neuronal  necrosis, 
astrocytosis, and vasogenic edema. Immunohistochemical 
evaluations suggested that both pro-inflammatory cytokines 
[interleukin (IL)-1β, IL-6, and tumor necrosis factor-α] and 
anti-inflammatory  cytokines  [IL-10  and  transforming 
growth  factor-beta  (TGF-β)]  were  highly  expressed  in 
neurons  and  neutrophils.  In  particular,  the  highest 
magnitude of expression was identified for IL-1β and TGF-β. 
This data helps describe the pathologic characteristics of 
canine  TBI,  and  may  help  in  the  design  of  potential 
therapeutic approaches to control secondary damage by 
inflammatory cytokines.
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Traumatic brain injury (TBI) is caused by mechanical 
insults including compression, stretching, and laceration. 
Post-TBI progressive neuronal damage and loss can be 
divided into two different mechanisms. The initial damage 
is the direct result of mechanical injury. Secondary or 
delayed damage results from intra-cerebral or subdural 
hemorrhage, which causes the release of trauma-induced 
neurochemical substances including inflammatory cy-
tokines, free radicals, and complement components with 
neurotoxic effects on neurons and glial cells [4,6,8,9,11].
TBI in dogs is generally less prevalent than human TBI 
[12]. The most common causes of head trauma in dogs 
include traffic accidents and vehicular trauma, while other 
causes include falls, penetrating wounds, and kicks [3]. 
Although canine TBI studies are increasing in frequency 
[2,5,7,10], post-trauma pathological studies and inflam-
matory responses are poorly understood in canine patients; 
most studies have evaluated mice and rats. Human and dog 
clinical studies of inflammation in TBI have been limited 
to blood or cerebrospinal fluid sampling from the patients. 
As such, relatively rare histopathological analyses exist 
concerning TBI in clinical cases from dog post-mortem 
specimens.
In this study, we sought to provide a histopathological 
analysis of canine acute TBI, to characterize the expression 
of anti-inflammatory cytokines [Interleukin (IL)-10 and 
transforming growth factor-beta (TGF-β)] and pro- 
inflammatory cytokines [IL-1β, IL-6, tumor necrosis 
factor-alpha (TNF-α)] in the canine acute TBI brain. In 
addition, we performed semi-quantitative analyses 
regarding the expression of inflammatory cytokines in the 
canine acute TBI brain.
Brain specimens, ranging in age from 1.5 to 15 years, 
were examined at the Department of Pathology, Konkuk 
University Animal Teaching Hospital, Korea. Brain 
specimens were collected from nine dogs who had 
sustained TBIs to vehicular trauma or falls. Histopathological 
analysis was based on hematoxylin and eosin staining by a 
veterinary pathologist. Canine brains from dogs with no 
clinical history of neurologic disease were used as negative 
controls.
Tissue sections were prepared from formalin-fixed, 
paraffin-embedded blocks. Serial 4 micrometer-thick 
sections were acquired from each paraffin-block for 
immunohistochemical staining (EnVision System-HRP; 
Dako, USA). A set of monoclonal and polyclonal 300    Chi-Ho Yu et al.
Fig. 1. Dog brain with traumatic brain injury. (A) Neutrophils 
mixed with red blood cells are infiltrated into the cerebral cortex.
(B) Gemistocyte was observed around the lesion with infiltrated 
red blood cells. (C) Strong positive signals for TGF-β of the 
cytoplasm of neurons and neutrophils (arrow) were observed in 
the contusion area. A and B: H&E stain, C: Immunohistochemical
staining; counterstain with hematoxylin. Scale bars = 100 μm 
(A); 18 μm (B and C).
Table 1. The results of immunochemistry for inflammatory 
cytokines
No. TNF-α IL-1β IL-6 IL-10 TGF-β
 1+ ++ ++ ++ + + +
 2+ ++ + + ++ +
 3 ++ +++ + + ++
 4+ ++ + + ++ +
 5 +++ +++ + + +
 6+ ++ + + ++ +
 7 ++ +++ + + ++
 8 +++ +++ ++ + ++
 9 ++ +++ + + +++
+: positive, ++: moderate positive, +++: strong positive.
antibodies were used: IL-1β, IL-6, TNF-α, TGF-β, Iba-1 
(Santa Cruz, USA), IL-10 (R&D Systems, USA), and glial 
fibrillary acidic protein (GFAP; Dako, USA).
The hematoma was microscopically identified in the 
cerebral cortex and subarachnoid space. Neutrophil 
infiltration was identified in the cerebral cortex along with 
hemorrhages (Fig. 1A). Lesions revealed necrotic neurons, 
gemistocytes, astrocytes, and vasogenic edema. Neuronal 
necrosis resulted in neuronal cytoplasmic eosinophilia 
with pyknotic nuclei. Gemistocytes characterized the 
synthesis of increased glial filament, eccentric nuclei, and 
abundant pink homogenous cytoplasms were indicated in 
the gray matter around the lesion (Fig. 1B). Astrocytosis 
and vasogenic edema around the vessels were observed in 
the gray matter adjacent to pathologic lesions.
GFAP was weakly expressed in normal brain tissue, 
while in traumatic cases, expression of GFAP was strong 
throughout the cerebral cortex. Astrocytosis was detected 
in the gray matter adjacent to the peri-hematoma, 
particularly at sites with severe cortical hemorrhage.
Results of immunohistochemical studies are summarized 
in Table 1. Expression of pro- and anti-inflammatory 
cytokines was determined by of immunohistochemistry 
(IHC) of paraffin-embedded sections from control and TBI 
brains. The control brains showed little expression of 
inflammatory cytokines in the brain. In contrast, im-
munoreactivity for pro-inflammatory cytokines (IL-1β, 
IL-6, and TNF-α) and anti-inflammatory cytokines 
(TGF-β and IL-10) were identified in all TBI brains. IL-1β, 
IL-6, and TNF-α expression were observed in both 
neutrophils and neurons. As with the pro-inflammatory 
cytokines, immunoreactivity to IL-10 and TGF-β was also 
detected in neutrophils and neurons (Fig. 1C). Expression 
of cytokines was exuberant in the damaged parenchyma 
around the peri-hematoma and as well as in the 
inflammatory cells of the hematoma.
IHC was used to analyze IL-1β, IL-6, TNF-α, IL-10, and 
TGF-β expression in TBI brains. Pro-inflammatory 
cytokines including IL-1β, IL-6, and TNF-α IHC resulted 
in an average number of positive cells under 1.3 mm
2 of 
206, 190, and 108 in TBI brains, respectively. Results for 
anti-inflammatory cytokines, including IL-10 and TGF-β 
were an average number of positive cells under 1.3 mm
2 of 
62 and 327 in TBI brains, respectively.
This study described histopathological characterization, 
anti- and pro-inflammatory cytokine expression, and semi- 
quantitative analysis of inflammatory cytokines in the 
canine TBI brain. For the first time in a canine-based study, 
significant expression of both pro- and anti-inflammatory 
cytokines in acute TBI brains was identified compared to 
control brains. Inflammatory cytokines were also observed 
in neutrophils in the contusion and peri-contusion areas. 
Semi-quantitative analysis demonstrated that IL-1β levels 
were much more highly expressed than levels of IL-6 and 
TNF-α with respect to pro-inflammatory cytokines and 
with respect to anti-inflammatory cytokines, TGF-β 
expression was increased more than that of IL-10. Further, 
histopathological characterization indicated marked 
hematoma of cerebral cortex and subarachnoid space, 
infiltration of neutrophils, neuronal necrosis, gemistocytes, 
astrocytosis, and vasogenic edema. In this study, neuronal 
cell bodies were shrunken and eosinophilic, and nuclei 
were pyknotic. Astrocytes increase in number and size in Inflammatory cytokines in canine brain    301
response to injury and swell after brain injuries including 
TBIs and strokes due to the increased uptake of sodium, 
chloride, and potassium that occurs in order to maintain 
homeostasis [12]. GFAP of immunohistochemical analysis 
demonstrated astrocyte enlargement and increased number 
in the peri-hematoma lesion. Astrocytes transform into 
gemistocytic astrocytes (gemistocytes) with irreversible 
injury. Gemistocytes have eccentric and enlarged nuclei, 
abundant pink homogenous cytoplasm, and increased glial 
filament. Gemistocytes were observed in the damaged 
cortex of TBI in H&E stained samples.
TBI activates an inflammatory reaction initiated by the 
release of pro-inflammatory cytokines; IL-1β, IL-6, and 
TNF-α have been observed in the human and rodent brain 
after TBI [1,13]. Our study supports previous findings, 
and, to our knowledge, identifies both the distribution and 
level of cytokine expression in the acute TBI canine brain. 
The present study also demonstrates that inflammatory 
cytokines such as IL-1β, IL-6, TNF-α, IL-10, and TGF-β 
contribute to brain inflammation following the mechanical 
traumatic damage in the canine brain. Furthermore, IL-1β 
and TGF-β are major contribute to brain inflammation in 
cases of canine TBI.
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